INTRODUCTION
With the completion of the sequencing of the human genome, much attention has been centered on the study of human genome variability. Single nucleotide polymorphisms (SNPs) are the most common source of human genetic variation, and are undoubtedly a valuable resource for investigating the genetic basis of diseases. SNPs, together with DNA copy number variations (CNVs), have become one of the most actively researched areas of genomics in recent years (1, 2) .
In this article, we focus on the smaller of these two types of variation, SNPs. Single nucleotide polymorphisms are highly abundant, stable and distributed throughout the genome. This type of variation is associated with diversity in the population, individuality, and although the majority of these variations probably result in neutral phenotypic outcomes, certain polymorphisms can predispose individuals to disease, or influence its severity, progression or individual response to medicine. Viewed at the molecular level, these functional SNPs can affect the human phenotype by interfering on both levels of the protein synthesis machinery: non-coding SNPs may disrupt transcription factor binding sites, splice sites and other functional sites on the transcriptional level, whereas coding SNPs can cause an amino acid change and alter the functional or structural properties of the translated protein. Annotating the way a polymorphism affects an individual's phenotype should therefore focus on both levels: describing the effects on the gene's and the protein's properties. To this end, we merged two databases that each focus on one of these levels: PupaSuite (3) and SNPeffect (4, 5) .
PupaSuite is a web tool for selecting SNPs with potential phenotypic effect and was originally based on the combined functionality of the PupaSNP (6) and PupasView (7) web tools. Since its release in 2006, PupaSuite was extended with new tools for predicting silencers and enhancers, new conservation measures and predictions on mouse and rat genomes. SNPeffect focuses on the functional annotation of non-synonymous coding SNPs in human proteomes, but now also includes predictions on known disease mutations from the UniProt Knowledge Base.
ADDITIONS TO SNP ANNOTATION

SNPeffect 3.0 novelties
SNPeffect focuses on the molecular phenotypes of variants, and includes details on structural, functional and cellular effects on the amino acid change of a nonsynonymous coding SNP. Destabilizing variations which affect the aggregation behavior of a protein can be potentially disease causing and therefore are of particular interest to researchers. By investigating polymorphisms on a large scale and providing their phenotypic effects together with the ability to filter out specific functional or structural changes, researchers are able to select potentially interesting polymorphisms for further analysis.
Waltz and Tango, two aggregation predictors based on physical properties. The Waltz algorithm combines sequence, physical properties and structural parameters to identify motifs that can nucleate amyloid fiber formation in proteins (Maurer-Stroh et al., submitted for publication). Special emphasis is made to minimize overprediction of amorphous beta aggregation compared to the highly regular cross-beta structure of amyloid fibrils. Creation of new amyloidogenic motifs through nsSNPs is implicated in amyloid deposit diseases. The statistical mechanics algorithm Tango, on the other hand, predicts protein regions that are prone to form amorphous beta aggregates. Included in Tango2 is an improved prediction of mutation effects on aggregation, transmembrane region stability and signal peptide disruption. Both Waltz amylogenic regions and Tango aggregating regions are available as annotations via ProteinDAS servers at the DAS registry at the European Bioinformatics Institute.
Hsp70 chaperone family-binding predictor. A DnaK-binding site predictor was built using a dual method combining sequence and structural information. Experimental DnaK-binding data of 53 non-redundant peptide sequences allowed us to generate a sequence-based position-specific scoring matrix (PSSM) based on logarithm of the odds scores. Following an in silico alanine scan of the substrate peptide in the crystal structure of a DnaK-substrate complex [1dkx, (8) ] using the FoldX force field (9), we generated a structure-based PSSM that reflects the individual contribution of certain substrate residue types for DnaK binding. Upon adding the structure-based PSSM with a normalization factor of 0.2 to the sequence-based PSSM, we obtained a DnaK motif predictor that was able to correctly predict 89% of the true positives in the tested peptide set (high sensitivity), with a concurrent amount of only 5.9% false positives for a specific score threshold (high specificity). To assess the robustness of the predictor, we carried out a crossvalidation by leaving out each sequence from the learning set together with its close homologs and calculating the rate of repredicting them. This resulted in a prediction accuracy of 72% true positives and 5.9% false positives. The predictor was able to identify an entire known DnaK-binding site in the heat-shock promoter s 32 (10) .
UniProt disease mutations. The new data source included in SNPeffect, the human dataset available in the UniProt knowledge base (11) Prediction of new splice sites. Gene ID (16) is a program to predict genes in genomic sequences, where splice sites, and start and stop codons are predicted and scored along the sequence using PWMs. We use this program to scan the whole genome to find new splice sites and to map SNPs that could have a putative effect in the disruption of these important sites. a Not all modeling runs were completed at the time of submission, this number may increase. Full references for the tools applied to the data can be found in Supplementary Data.
MicroRNAs (miRNAs)
. miRNAs act as repressors of protein-coding genes by binding to target sites in the 3 0 UTR of mRNAs. In this release, we scan the genome to find SNPs located at miRNAs. Besides, we use miRanda (14) , an algorithm for the detection of potential microRNA target sites in genomic sequences, to localize all the SNPs situated in the region 3 0 UTR of these targets sites. Both SNPs at miRNAs and SNPs in their target sequences could have an effect in the normal function of these regulatory elements. This effect is measured by the difference of scores among the alleles of the SNPs.
Mouse and rat genomes. Finally, this new release of PupaSuite incorporates the analysis of genetic variations for mouse and rat genomes. Because most of the methods include PWMs for vertebrates, most of the predictions can be extrapolated and the search of regulatory elements can be done in these genomes. Predictions for exonic splicing enhancers and silencers are not extrapolated since the proteins used for building the PWMs correspond exclusively to human proteins. With the inclusion of this information, the tool can aid to better understand the functional diversity in different genomes.
PupaSuite web service. In addition to the updated web page interface, a set of public web services, implemented in Java, have also been developed. These web services constitute a complete and exhaustive API to access all the functional data showed in the web page An example of how to use the PupaSuite web services is included in the Supplementary Data.
Availability of the databases
The merge of the SNPeffect and PupaSuite databases includes accessibility of the combined data through both portals (at: http://snpeffect.vib.be and http://pupasuite. bioinfo.cipf.es/). PupaSuite data are accessible through the SNPeffect interface and vice versa (Figure 1 ). Both databases are freely available for academic users. Help pages on both servers provide detailed information on usage of the interfaces. SNPeffect and PupaSuite will be updated with each even version release of Ensembl, which corresponds to a four-monthly update.
DISCUSSION
Nowadays, more than 11 million SNPs have been described in databases like dbSNP. Among them, thousands of SNPs can have a direct impact on disease. Recently, different bioinformatics tools have been developed which try to find these putative disruptive polymorphisms. These tools use different information based on sequence, structure, conservation or functional properties to distinguish disease-causing mutations from those that are thought to have a neutral effect. Because of its importance on biomedical research, it would be beneficial to generate bioinformatics tools to extract and merge interesting data coming from these heterogeneous sources, and collect these results in a single database. SNPeffect and PupaSuite are two of the most complete bioinformatics tools for the analysis of SNPs. Both tools integrate different methods for the analysis of SNPs, focusing on different levels of the protein synthesis machinery: (i) SNPeffect focuses on SNPs in gene-coding regions that can lead to changes in the biological properties of the encoded protein, (ii) PupaSuite focuses on SNPs in non-coding gene regulatory regions which may affect gene expression levels and mRNA stability. In this article, we present a joint effort for the integration of both tools, which has lead to the creation of a comprehensive database of putative functional polymorphisms. This way 749 603 regulatory human SNPs and 31 415 non-synonymous coding human SNPs were annotated as putative disruptive polymorphisms, and the same procedure resulted in the suggestion of a molecular mechanism of disease for 3660 known human disease mutations.
